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This study was designed to develop chitosan (CS)-dextran sulphate (DS) nanoparticles containing a GnRH analogue and to study their effect on rabbit (Oryctolagus cuniculus) semen quality. Six experimental extenders were tested as follows: (control) Tris-citric acid-glucose (TCG), (1) 0.05% CS-0.05% DS (4:1), (2) 0.1% CS-0.05% DS (4:1), (3) 0.05% CS-0.05% DS (3:1), (4) 0.1% CS-0.05% DS (3:1), (5) 0.1% CS-0.05% DS (2:1). CS and DS were dissolved in TCG medium, and nanoparticles were obtained through magnetic stirring. Rabbit seminal samples were incubated up to 5 hr at 37°C in the extenders, and seminal quality was evaluated. The entrapment efficiency was 40%-50%. After 5 hr at 37°C, a 20% of the hormone was released. Results showed that the presence of CS-DS nanoparticles did not affect rabbit semen motility, viability and membrane functionality; however, acrosome integrity was significantly higher versus control (p < .001).
| INTRODUCTION
Chitosan (CS) is a cationic polymer of natural origin, biodegradable, biocompatible and non-toxic to living tissues (Domínguez-Delgado et al., 2014) . In addition, dextran sulphate (DS) is a biodegradable and biocompatible polyanion widely used in pharmaceutical formulations (Chen, Mohanraj, & Parkin, 2003) . DS and CS form polyelectrolyte complexes through electrostatic interactions when mixed in aqueous solution (Bader et al., 2015) . CS-DS nanoparticles prepared by a coacervation process show promise as a system for controlled delivery of small and large molecules, including proteins (Chen, Mohanraj, Wang, & Benson, 2007) .
In rabbit artificial insemination, the ovulation induction must be provoked with GnRH analogues, and their addition to the seminal extender allows replacing their intramuscular administration. There are clear breeding advantages of intravaginal administration of the GnRH analogue but, unfortunately, in order to achieve fertility results similar to those of intramuscular administration, the hormone concentration must be higher due to its susceptibility to degradation (Viudes-deCastro, Mocé, Lavara, Marco-Jiménez, & Vicente, 2014) . GnRH entrapment in nanoparticles could increase its bioavailability. Therefore, the objective of this study was to develop CS-DS nanoparticles containing the GnRH analogue and to study their controlled release and their effect on rabbit semen quality.
| MATERIALS AND METHODS
All the chemicals used in this study were purchased from SigmaAldrich Química S.A. (Madrid, Spain), except for buserelin acetate, which was purchased from Hoechst Marion Roussel, S.A. (Madrid, Spain), and the DS, purchased from Thermofisher Acros Organics (Geel, Belgium).
| Effect of CS-DS nanoparticles on rabbit seminal quality
Twelve adult bucks belonging to a paternal rabbit line (Line R) were used and handled according to the principles of animal care published by the Directive 2010/63/EU. Seminal samples were collected using an artificial vagina over 8 weeks from September to December 2016. Only ejaculates exhibiting a white colour and possessing motility rate higher than 70% were pooled. Each pool was split in six parts and diluted 1:5 with all extenders at room temperature and then placed at 37°C for 5 hr. At this time, seminal characteristics were evaluated.
The percentage of total motility was determined using a computerassisted sperm analysis system as described by Viudes-de-Castro et al. 
| Preparation of GnRH-loaded nanoparticles
Incorporation of buserelin acetate into nanoparticles was achieved by dissolving the hormone in DS solution to obtain a final concentration of 10 μg/ml of hormone in the extender. The GnRH-loaded nanoparticles were formed spontaneously after magnetic stirring (~600 rpm) of CS and DS solutions for 15 min at room temperature.
| In vitro GnRH release from extender 1 CS-DS nanoparticles
Experimental extender (1) 0.05% CS-0.05% DS (4:1) with the GnRH incorporated was incubated at 5 and 37°C, to simulate the refrigeration state of the extender and the rabbit vagina conditions, respectively. At zero time and after 5 hr, individual samples were filtered (0.22-μm filters Millex ® GP, Millipore, Ireland), and the amount of free hormone released in the supernatants was evaluated measuring the protein absorbance by spectrophotometry (BioPhotometer, Eppendorf AG, Hamburg, Germany) at 280 nm (n = 5). Then, the GnRH amount was determined with a standard calibration curve using empty CS-DS nanoparticles as control. The entrapment efficiency (EE) was calculated using the following equation:
| Statistical analysis
A general linear models procedure was used to analyse the effect of the experimental extenders on seminal characteristics after 5 hr of incubation. The effect of temperature on EE was analysed by ANOVA (STATGRAPHICS ® Centurion Professional).
| RESULTS

| Effect of CS-DS nanoparticles on rabbit seminal quality
Seminal quality parameters after semen incubation are shown in Table 1 . The presence of CS-DS nanoparticles had no effect on the total motility, either on the viability or on the membrane functionality of the spermatozoa, showing similar values between control and experimental groups. However, acrosome integrity was significantly higher when CS-DS nanoparticles were present (p < .001).
| In vitro GnRH release from extender 1 CS-DS nanoparticles
To study the GnRH release from CS-DS nanoparticles, we selected extender 1 and results are shown in Table 2 . An initial EE of 43.11 ± 6.13% was achieved. Five hours later when incubated at 37°C, EE highly decreased (25.22 ± 0.94%) but when incubated at 5°C remained without variations (45.37 ± 0.85%). 
Entrapment Efficiency(%)
| DISCUSSION
Results of the study confirm that the CS-DS nanoparticles had no effect on total motility, viability and membrane functionality and significantly increased the acrosome integrity. DS toxicity in semen has not been tested to date, but CS was found non-toxic in rabbit sperm in a previous work (Fernández-Serrano, Casares-Crespo, & Viudesde-Castro, 2017 ). In addition, Silva et al. (2017) studied the toxicity of chitosan-coated lipid-core nanocapsules in bovine sperm and no toxicity with low concentration was observed.
GnRH release results from extender 1 showed that the initial EE was 43.11 ± 6.13%, which means that nanoparticles would be protecting almost half of the hormone. With this type of CS-DS nanoparticles, other proteins such as lutein (Chaiyasan, Srinivas, & Tiyaboonchai, 2016) , insulin (Pechenkin et al., 2011) , BSA and rhodamine 6G (Chen et al., 2007) have been entrapped with similar efficiency.
After 5 hr at 5°C, the EE remained constant, which allows keeping the extender refrigerated without alterations. On the other hand, a decrease up to a 20% in the EE is observed at 37°C, which will allow the release of the hormone when applying it to the doe vagina after insemination.
In conclusion, CS-DS nanoparticles seem to be interesting as potential vaginal GnRH carrier, thus avoiding an intramuscular hormonal administration and also being able to protect the hormone from degradation by seminal plasma enzymes. In the future, further studies with GnRH-loaded nanoparticles included in rabbit insemination extenders should be done to evaluate reproductive performance.
